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Abstract
The cosmic matter-antimatter asymmetry can be generated through baryon number conserving decays of heavy
particles that produce asymmetries in the two ﬁnal states that carry equal and opposite baryon number in which
one of them couples directly or indirectly to electroweak sphalerons. The ﬁnal state that participates in electroweak
sphalerons will have its baryon asymmetry partly reprocessed to a lepton asymmetry while the other remains chemi-
cally decoupled from the thermal bath or cloistered with its baryon content frozen. The key condition for this mecha-
nism to work is for the decoupled particles to remain cloistered until after electroweak sphalerons freeze out and then
the subsequent decays of the particles will inject an unbalanced baryon asymmetry in the thermal bath giving rise to
a net nonzero baryon asymmetry. Such a condition implies weakly coupled particles and if produced in a collider
could give signatures of long-lived (on a collider timescale) particles. We discuss such a scenario with a type-I seesaw
model extended by a new colored scalar.
Keywords: Baryogenesis, Theories Beyond the Standard Model, Colored Scalars
1. Introduction
Despite the extreme success of the Standard Model
(SM) with all its particle content already discovered
in Nature, there are at least three indisputable evi-
dences for physics beyond the SM: the cosmic matter-
antimatter asymmetry, neutrino masses and dark mat-
ter. This implies that new degrees of freedom must
have been at work, especially in the early Universe. In
this talk, we attempt to explain cosmic matter-antimatter
asymmetry through a novel mechanism we will elabo-
rate in the following.
In the SM, baryon number B and lepton number L are
accidental global symmetries at the Lagrangian level.
At the quantum level, both B and L are violated by
SU(2)L instanton induced interactions also known as
electroweak sphalerons. Although these interactions are
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exponentially suppressed today [2], in the early Uni-
verse 100 GeV  T  1012 GeV, they are very
fast, that is, compared to the expansion rate of the Uni-
verse [3]. On the other hand, the linear combinations
(B − L)α where α = (1, 2, 3) stands for family or ﬂavor
index, remain exactly conserved. Generating a (B− L)α
asymmetry through out-of-equilibrium, (B− L)α violat-
ing and CP violating interactions [4] at this tempera-
ture regime necessarily implies a nonzero B asymme-
try. This is for example in the case of standard type-I
seesaw leptogenesis [5]. Interesting variants of leptoge-
nesis where total B − L is conserved are considered in
Refs. [6, 7, 8, 9, 10, 11].
Here we will consider a baryogenesis scenario dis-
cussed in Ref. [1] in which the decays of a heavy parti-
cle conserve total B−L and yet an asymmetry is directly
generated in baryon number. Essentially the heavy par-
ticle decays generate an equal but opposite sign baryon
asymmetries in two diﬀerent sectors: the “active” and
“cloistered” sectors. The active sector that couples di-
rectly or indirectly to electroweak sphalerons will have
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its baryon asymmetry partially reprocessed into a lep-
ton asymmetry. On the other hand, the cloistered sector
which remains chemically decoupled from the thermal
bath (cloistered) will have its baryon asymmetry frozen.
One crucial requirement is to have the cloistered sector
to remain cloistered until after electroweak sphalerons
switch oﬀ at around T ∼ 100 GeV and then the sub-
sequent decays of the cloistered particles will inject an
unbalanced baryon asymmetry in the thermal bath and
give rise to a nonzero total baryon asymmetry.
2. The scale of cloistered baryogenesis
In this section we will present a general argument to
obtain a bound on the scale of cloistered baryogenesis
which follows from the interconnections between the
CP asymmetry and the requirement that the cloistered
sector will remain chemically decoupled from the ac-
tive sector (see also [12]).
Consider a generic U(1)B invariant interaction be-
tween two self conjugate particles Xi = Xci (i = 1, 2)
and two other complex ﬁelds Y and Z carrying opposite
U(1)B charges
L =
∑
i=1,2
giXiYZ + H.c., (1)
where g1 and gs are two relatively complex parame-
ters Arg(g∗1g2)  0. In general Xi can be Majorana
fermions while Y and Z a pair of complex scalar and
fermion or Xi can be real scalars while Y and Z a pair
of fermions or complex scalars. In the ﬁrst two sce-
narios gi are dimensionless couplings while in the last
scenario, they have mass dimension one. Now let us
assume MX2 > MX1 > MY + MZ such that the decays
Xi → YZ, Y¯Z¯ are kinematically allowed. These decays
are in general CP violating implying that B asymmetries
in Y and Z that are equal in size and opposite in sign can
be generated.
Let us further assume that X1 decays while elec-
troweak sphalerons are still active and that Y has
in-equilibrium chemical reactions with electroweak
sphalerons while Z remains chemically decoupled from
the thermal bath i.e. cloistered. The B asymmetry in
Z denoted by ΔBZ remain constant while the B asym-
metry carried by Y gets quickly distributed among the
SM particles through electroweak sphalerons. Due to
partial conversion to L asymmetry, the B asymmetry in
the thermal bath is no longer balanced by the one stored
in Z i.e. ΔBSM  −ΔBZ . Eventually after electroweak
sphalerons switch oﬀ, the B conserving decays of Z into
the SM particles give rise to a nonzero total B asymme-
try ΔB = ΔBSM + ΔBZ  0.
The CP asymmetry between Y baryons and Y¯ anti-
baryons produced in X1 decays can be deﬁned as
X1 =
γ (X1 → YZ) − γ
(
X1 → Y¯Z¯
)
γtot
, (2)
where the γ’s are thermally averaged decay rates (γtot is
the thermally averaged total decay width). X1 can be
computed from the interference between tree-level and
one-loop vertex and wave-function diagrams where we
obtain the leading term with MX1  MX2 for the cases
of a fermion X1 decays into fermion-scalar pair and a
scalar X1 decaying into fermion pairs or scalar pairs,
respectively as

( f s)
X1
 −|g2|
2
8π
MX1
MX2
sin φ , (3)

( f f ′)
X1
 −|g2|
2
8π
M2X1
M2X2
sin φ , (4)
(ss
′)
X1
 − 1
8π
|g2|2
M2X2
sin φ , (5)
with φ = Arg
[
(g∗1 g2)
2
]
. In the following we set sin φ ∼
1 to maximize the CP asymmetries which in all the
cases above, increase with |g2|. The value of |g2|, how-
ever, cannot be arbitrarily large because at some point,
X2 mediated YZ ↔ Y¯Z¯ scatterings would be very fast
and enforce chemical equilibrium between Y and Z i.e.
μY + μZ = 0, rendering cloistered baryogenesis ineﬀec-
tive. For the three cases above, the 2 ↔ 2 scattering
rates are given by:
γ( f s)(YZ ↔ Y¯Z¯)  1
π3
T 3
M2X2
|g2|4 , (6)
γ( f f
′)(YZ ↔ Y¯Z¯)  1
π3
T 5
M4X2
|g2|4 , (7)
γ(ss
′)(YZ ↔ Y¯Z¯)  1
π3
T
M4X2
|g2|4 . (8)
For the temperature relevant to leptogenesis T ∼ MX1 ,
all the expressions above can be rewritten as
γ(a)(YZ ↔ Y¯Z¯)  64
π
MX1
(
(a)X1
)2
, (9)
with a = ( f s), ( f f ′), (ss′). Hence we see that for all the
cases the equilibrating scattering rates are proportional
to the square of the respective (maximum) CP asymme-
tries. Requiring that at T ∼ MX1 these scatterings are out
of equilibrium, that is γ(a)(YZ ↔ Y¯Z¯)  H(MX1 ) where
the Universe expansion rate is H(MX1 ) ∼ 17M2X1/MPl
with MPl the Planck mass, yields
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MX1  1019 ×
(
(a)X1
)2
GeV . (10)
Since a CP asymmetry smaller than (a)X1 ∼ 10−6 could
hardly explain the observed baryon asymmetry, eq. (10)
implies MX1  107 GeV, which constitutes a necessary
condition for successful cloistered baryogenesis.
3. A simple model
In the following, we will present a simple model
which realizes cloistered baryogenesis. We introduce
a new scalar u˜ with the SM quantum number of the
right-handed up-type quark singlets uα into type-I see-
saw framework with three right-handed singlet fermions
Ni as was recently put forth in ref. [13]. The relevant
new terms in the Lagrangian are
1
2
Nc MNN +  λNH˜ +
1
2
m2u˜ u˜
∗u˜ + uc η N u˜∗ + H.c. .
(11)
From here onwards we denote matrices and vectors in
boldface, so for e.g. NT = (N1,N2,N3), uT = (u, c, t)
while λ, η and MN are 3 × 3 matrices in ﬂavor space
and, without loss of generality, we assume that the see-
saw Lagrangian eq. (11) is written in the basis in which
MN and the charged leptons Yukawa matrix are both di-
agonal with real and positive entries.1 The SM gauge
invariance actually allows for the term dc y d u˜ which
however, will lead to too fast nucleon decays unless we
set the couplings η and y to be unnaturally small. For
the stability of nucleon, we will impose a global U(1)B
conservation and set y→ 0 in which case, we can assign
B(u˜) = 1/3.
Fixing MN1 ∼ 107 GeV, baryogenesis can proceed
at T ∼ 107 GeV through out-of-equilibrium, B con-
serving and CP violating decays N1 → uau˜∗ as long as
u˜ remains cloistered until after electroweak sphalerons
freeze out. Given that astrophysical arguments rule out
the possibility of cosmologically stable heavy colored
particles [14], u˜ must eventually decay and this feature
is automatically embedded in our model that they can do
so only after electroweak symmetry breaking through
N-ν mixing which opens up the following decay chan-
nel u˜→ uaν. After electroweak symmetry breaking and
electroweak sphalerons switch oﬀ, the ΔBu˜ released into
1Whenever necessary we will use Latin indices i, j, . . . to label
right-handed neutrino generations and a, b, . . . to denote quark ﬂa-
vors, and Greek indices α, β, . . . to denote lepton ﬂavors.
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Figure 1: In the initial stage, the decays of N1 generate an equal
and opposite sign B asymmetries respectively in u and u˜ denoted by
ΔBu and ΔBu˜. At electroweak sphaleron decoupling the B asymmetry
in SM particles ΔBSM is no longer equal in magnitude to the oppo-
site sign asymmetry ΔBu˜ due to the electroweak sphaleron processes
which distribute the initial ΔBu among the SM particles in which part
of the asymmetry resides in the lepton sector. As a result, we obtain a
net nonzero baryon asymmetry ΔBSM + ΔBu˜  0.
the thermal bath from u˜ decays remains largely unbal-
anced by the baryon asymmetry already present in the
thermal bath, resulting in a net nonzero baryon asym-
metry. The mechanism for this scenario is sketched in
Figure 1. Notice that at this temperature, assuming hi-
erarchical mass spectrum of the right-handed neutrinos,
the CP asymmetry for the standard N1 leptogenesis is
way too small [15]. For simplicity, we will assume that
the branching ratio for N1 → 	αH is much smaller than
that of N1 → uau˜∗ so that we can normalize the CP
asymmetries to the sum of N1 → uau˜∗. In the case,
while the seesaw Lagrangian still accounts for neutrino
masses and mixing, it plays no role in baryogenesis.
3.1. The necessary conditions
The CP asymmetry in N1 decays results from the in-
terference between the tree level and the one loop di-
agrams as shown in Figure 2. Assuming a hierarchi-
cal right-handed neutrino mass spectrum (M1  M2 
M3) and summing over quark ﬂavors, the CP asymmetry
for
∑
a(N1 → uau˜∗) is
 u˜N1  −
1
4π
1
(ηη†)11
∑
j1
Im
[(
ηη†
)2
1 j
] MN1
MNj
. (12)
In addition to suﬃciently large CP asymmetry, we re-
quire the additional conditions below:
(i) The decays ΓN1 ≡
∑
a Γ(N1 → uau˜∗) should occur
out of equilibrium where for simplicity, we have
assumed
∑
α Γ(N1 → 	αH∗)  ΓN1 .
(ii) The scalars u˜ should remain chemically decou-
pled from the thermal bath until after electroweak
sphalerons switch oﬀ at Tfo although strong inter-
actions will keep them in kinetic equilibrium.
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Figure 2: Tree level and one loop diagrams responsible for the CP
asymmetry in the decays N1 → uau˜∗.
(iii) The decays u˜ → uaν after electroweak symmetry
breaking which eventually ﬁx the ﬁnal magnitude
and sign of the baryon asymmetry should occur
well before the Big Bang Nucleosynthesis (BBN)
era at TBBN.
The above conditions enforce constraints on the rele-
vant model parameters as we will study in detail in the
following.
First of all, condition (i) is satisﬁed if the total decay
rate of N1 is slower than the expansion rate of the Uni-
verse ΓN1 =
3
8π |ηa1|2MN1  H(T = MN1 ) which gives
|ηa1|  1 × 10−5
(
MN1
107 GeV
)1/2
, (13)
where we normalize the N1 mass to 107 GeV, as sug-
gested by the condition for successful cloistered baryo-
genesis discussed in section 2.
Next, condition (ii) implies constraints imposed on
the rates of scattering processes uau˜∗ ↔ u¯bu˜, the rates
of inverse decays of the heavier right-handed neutrinos
uau˜∗ → N2,3 and the rates of the three-body decays u˜→
	α H ua such that they are slower than expansion rate of
the Universe as follows:
• N2,3 mediated 2 ↔ 2 scatterings. As shown in
section 2, the 2 ↔ 2 processes place constraints
on the scale of cloistered baryogenesis to be 107
GeV. Considering only N2 mediated scattering, the
ua u˜∗ ↔ u¯b u˜ scattering rate is approximately given
by
Γ(ua u˜∗ ↔ u¯b u˜)  1
π3
M3N1
M2N2
|ηa2|2 |ηb2|2 , (14)
and demanding that this reaction to be out-of-
equilibrium at T ∼ MN1 gives
|ηa2| |ηb2|  2×10−5
(
MN2
MN1
) (
MN1
107 GeV
)1/2
. (15)
We can obtain analogous limits for N3 mediated
reactions by substituting ηa2 → ηa3 and MN2 →
MN3 .
• N2,3 inverse decays. Although at T ∼ MN1 
MN2,3 , N2,3 inverse decays are Boltzmann sup-
pressed, one need to ensure that the suppression
is suﬃcient to avoid washing out the asymmetry
generated from N1 decays. The thermally averaged
inverse decay rate can be approximated by
γ(ua u˜∗ → N2,3)  Γ(N2,3 → ua u˜∗)
×
(
MN2,3
MN1
)3/2
e−MN2,3 /T . (16)
The condition γ(ua u˜∗ → N2,3)  H(T ∼ MN1 )
then translates into
|ηa(2,3)|  1.5 × 10−5
(
MN1
MN2,3
)5/4
×
(
MN1
107GeV
)1/2
eMN2,3 /2MN1 . (17)
Taking MN1 = 10
7 GeV and MN1/MNj = 0.04, we
obtain |ηa j|  7× 10−2 and due to exponential sup-
pression, as soon as the ratio MN1/MNj falls below
∼ 10−2 this constraint becomes completely irrele-
vant with respect to the constraints from 2 ↔ 2
scatterings eq. (15), which are only power sup-
pressed.
• Three-body decays. Above the electroweak sym-
metry breaking scale, the colored scalars can de-
cay via the Ni-mediated three body channel u˜ →
ua 	αH. This process has to be under control or
else it would spoil the generation of the baryon
asymmetry if ΔBu˜ is re-injected in the thermal bath
when electroweak sphalerons are still active. The
constraint such that the three-body decays are out-
of-equilibrium reads
∣∣∣λα j∣∣∣ ∣∣∣ηa j∣∣∣  2 × 10−3
( Tfo
135GeV
)
×
(
MNj
107 GeV
) (
1 TeV
mu˜
)3/2
. (18)
Considering O(MNj )  107 GeV, mu˜ ∼ 1 TeV,
and taking a light neutrino mass scale below a few
tenths of eV which requires |λ|  10−3, the con-
straint eq. (18) is easily satisﬁed.
After electroweak symmetry breaking the mixing be-
tween active and right-handed neutrinos induces the de-
cays u˜ → ua ν which liberate the asymmetry ΔBu˜ in the
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thermal bath. To be safe from BBN constraints, con-
dition (iii) requires that these decays occur at temper-
atures quite above the temperature where the n/p ratio
freezes out. It should be pointed out that the BBN con-
straints on hadronically decaying massive particles [16]
assume in general that no baryon asymmetry is gener-
ated in these decays, and thus involve a diﬀerent type
of eﬀects. In our case we require the correct value and
sign of the baryon-to-photon ratio to be established as
the initial condition for BBN which gives the following
constraint:
∣∣∣ηa j∣∣∣  3 × 10−4
( TBBN
10MeV
) ( MNj
107 GeV
)1/2
×
(
0.1 eV
mν
)1/2 (1 TeV
mu˜
)1/2
. (19)
The out-of-equilibrium condition requires the ηa1 cou-
plings to be smaller than ∼ 10−5 (see eq. (13)) while
constraints on the ηa(2,3) couplings eq. (15) are much
weaker. Hence it is possible to have u˜ → uaν decays
at a suﬃciently early stage from the contributions of
ν − N2,3 mixing. For example, taking the ηa(2,3) ∼ 0.03
and MN(2,3) ∼ 108 GeV, the colored scalar has a mean
lifetime τu˜ ∼ 10−4 s which ensures that all u˜ will have
decayed much before the onset of BBN.
3.2. The equilibrium conditions and kinetic equations
In order to carry out a more quantitative analysis of
cloistered baryogenesis, we ﬁrst need to write down
the relevant Boltzmann equations, taking into account
possible conservation conditions due to some approxi-
mate or exact symmetries in the system and the chem-
ical equilibrium conditions enforced by reactions that
are faster than the expansion rate of the Universe in
the range of temperatures relevant for the production of
ΔBSM and ΔBu˜. In the following we ﬁx this temperature
at T ∼ 107 GeV which as shown in section 2, is a lower
bound compatible with successful baryogenesis.
We start by recalling some well known relations and
by introducing notations. The number density asym-
metry of bosons and fermions Δnb, f ≡ nb, f − n¯b, f is
related to the corresponding chemical potentials μb, f
and acquires a very simple form in the relativistic limit
(mb, f  T ) and at ﬁrst order in μb, f /T  1:
Δnb =
T 3
3
(
μb
T
)
, Δnf =
T 3
6
(μ f
T
)
. (20)
In the above we have deﬁned Δnb, f as particle number
asymmetries per degree of freedom gb, f of each par-
ticle which have to be taken into account when con-
structing global asymmetries for example in baryon or
in lepton number. It is also convenient to scale out
the eﬀect of the expansion of the Universe by normal-
izing the particle number densities to the entropy den-
sity s = g
(
2π2/45
)
T 3 i.e. YΔn ≡ Δn/s. In principle,
we can associate a chemical potential to each non-self
conjugate particle. Nonetheless the overall number of
independent chemical potentials is much less because
they are related by some chemical equilibrium condi-
tions and/or conservation laws. It can be shown that the
independent chemical potentials are equal to the num-
ber of conserved charges. For simplicity we use the no-
tation X ≡ μX , where X is a particle species and μX its
corresponding chemical potential. The constraints on
the chemical potentials are:
(a) At T ∼ 107 GeV 
 MW , the gauge bosons have
vanishing chemical potentials W = B = g = 0
and hence all the particles belonging to the same
SU(3)C or SU(2)L multiplets have the same chem-
ical potential [17].
(b) For T ∼ 107 GeV  1011 GeV, intergenerational
quark mixing ensures Qa = Q while the Yukawa
reactions for the second and third generations of
SM fermions are also in thermodynamic equilib-
rium. For simplicity we further assume equilibrium
for the ﬁrst generation which as shown in Ref. [18],
the numerical diﬀerences do not exceed the ten per-
cent level. From Yukawa interactions, we have
	α − eα − H = 0 (α = e, μ, τ) , (21)
Q − ua + H = 0 (ua = u, c, t) , (22)
Q − da − H = 0 (da = d, s, b) . (23)
(c) Equilibrium reactions induced by electroweak
sphalerons yield
9Q +
∑
α
	α = 0. (24)
In the above we do not consider equilibrium reac-
tions of QCD sphalerons because they do not im-
pose an independent constraint when all three gen-
erations of quark Yukawa interactions are assumed
to be in equilibrium [18] as we did in condition (b).
(d) Before electroweak symmetry breaking, hyper-
charge is exactly conserved. In terms of chemical
potentials, hypercharge neutrality of the Universe
gives
3Q +
∑
a
(2ua − da) −
∑
α
(	α + eα) + 2H + 4u˜ = 0 .
(25)
Doing the counting, the initial 15 chemical potentials
ua, da, eα, 	α,Q,H, u˜, are reduced to 4 by the 9+ 1+ 1 =
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11 conditions implied by (b), (c) and (d). This could
have been expected simply from symmetry considera-
tions. Taking N1 ↔ uau˜∗ reactions to be completely out
of equilibrium, there are exactly four conserved charges
corresponding to global U(1)u˜ and to the three global
U(1)Δα where Δα ≡ ΔBSM/3 − ΔLα. Hence we can
choose to write the normalized number density asym-
metries of all particle species in terms of the asymme-
tries in the four charges YΔu˜ and YΔα as follows
YΔ	α = −
3
79
YΔu˜ +
16
711
YΔ(BSM−L) −
1
3
YΔα ,
YΔeα =
10
79
YΔu˜ +
52
711
YΔ(BSM−L) −
1
3
YΔα ,
YΔQ =
1
79
YΔu˜ +
7
237
YΔ(BSM−L) ,
YΔua = −
12
79
YΔu˜ − 5237YΔ(BSM−L) ,
YΔda =
14
79
YΔu˜ +
19
237
YΔ(BSM−L) ,
YΔH = −2679YΔu˜ −
8
79
YΔ(BSM−L) , (26)
where YΔ(BSM−L) =
∑
α YΔα . From eq. (26), we see that
the singlet quark chemical potentials are all equal i.e.
YΔu ≡ YΔua and YΔd ≡ YΔda . Due to the presence of the
contribution from the u˜ scalars to hypercharge condition
eq. (25), the relation between baryon asymmetry and
B − L asymmetry stored in SM particles is given by
YΔBSM =
28
79
YΔ(BSM−L) +
12
79
YΔu˜ , (27)
where the ﬁrst term on the right-handed side is the usual
SM result, while the second is new.
With the approximation that N ↔ 	αH interactions
are neglected, all dynamical processes become symmet-
ric under a relabeling of the lepton ﬂavor index α and
we can simply set YΔα =
1
3YΔ(BSM−L). In fact, neglecting
N ↔ 	αH, the total B− L is a conserved quantity, that is
YΔ(BSM−L) + YΔu˜ = 0 . (28)
Taking into account the new conservation law eq. (28)
and YΔα =
1
3YΔ(BSM−L) which imply three additional con-
straints, we only have one independent chemical poten-
tial e.g. u˜. So to obtain the baryon asymmetry yield of
cloistered baryogenesis it is suﬃcient to solve a system
of just two Boltzmann equations:
Y˙N1 = −(yN1 − 1) γN1 , (29)
Y˙Δu˜ = (yN1 − 1) u˜N1 γN1 +
1
2
(yΔu − yΔu˜) γN1 , (30)
where γN1 denotes the thermally averaged N1 decay rate,
the time derivative is deﬁned as Y˙ ≡ sHz dY/dz, the
density asymmetries have been normalized as yΔu˜ =
YΔu˜/Y
Eq
b and yΔu = YΔu/Y
Eq
f with the respective bo-
son and fermion equilibrium abundances YEqb = 2Y
Eq
f =
15
4π2g∗
. In eqs. (29) and (30), we have taken into account
only decays and inverse decays of N1 and neglected on-
shell and oﬀ-shell contributions from N2,3. Finally the
yΔu appearing in the washout term in eq. (30) has to be
evaluated by means of the fourth relation in eq. (26) to-
gether with eq. (28) which give
yΔu = − 62237 yΔu˜. (31)
After all N1 have decayed but before the u˜ scalars
start decaying (let us assume at temperatures slightly
before the electroweak phase transition), the amount of
baryon asymmetry stored in SM particles, according to
eq. (27) and eq. (28), is
YEWΔBSM = −
16
79
YEWΔu˜ . (32)
Nevertheless the baryon asymmetry which should be
confronted with cosmological measurements is the one
after all the u˜ scalars have decayed (at temperatures after
electroweak sphalerons switch oﬀ but before the BBN
era) which is given by:
YBBNΔB = Y
EW
ΔBSM + Y
EW
Δu˜ =
63
79
YEWΔu˜ . (33)
Comparing eq. (32) and eq. (33), we see that the con-
tribution to the present cosmological baryon asymme-
try is dominated by the asymmetry stored in the col-
ored scalars u˜, which remains cloistered down to tem-
peratures well below when the electroweak sphalerons
switch oﬀ.
The analysis above indicates that our baryogenesis
model does not depend on the perturbative L viola-
tion while apart from electroweak sphalerons, at the La-
grangian level baryon number remains conserved at all
time. It is then interesting to ask which is the funda-
mental charge whose asymmetry is feeding all particle
asymmetries, and eventually baryogenesis. As we will
argue in the following, the answer is that this role is
played by the asymmetry in the total hypercharge of the
SM particles.2 We will use the following example to
illustrate our point. Let us assume the following
2The fact that such an asymmetry could drive baryogenesis was
noted already long ago in ref. [19].
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• The out-of-equilibrium decays of N2 generate the
two baryon asymmetries ΔBSM and ΔBu˜ with con-
ditions Γ(N2 → 	αH)  Γ(N2 → uau˜∗) .
• On the other hand, the decays N1 → uau˜∗ are neg-
ligible, while the L violating decays and inverse
decays N1 ↔ 	αH, 	¯αH∗ are in full thermal equi-
librium i.e. Γ(N1 → 	αH) 
 H(T ∼ MN1 ) 

Γ(N1 → uau˜∗) .
The second assumption implies one additional chem-
ical equilibrium condition as follows
	α + H = 0 (α = e, μ, τ) . (34)
In the above we have used the fact that the Majorana
states N have vanishing chemical potential. Notice that
the above conditions (which replace total B − L con-
servation eq. (28)) with YΔα =
1
3YΔ(BSM−L) (which re-
mains true when all N1 ↔ 	αH, 	¯αH∗ are in equilib-
rium) also give three additional constraints and again
we have one independent chemical potential which as
we will see below, can be chosen to be u˜. After be-
ing generated from N2 decays, u˜ remain cloistered and
from the hypercharge neutrality condition eq. (25), we
have that the sum of the hypercharge asymmetry in the
SM particles should exactly balance the amount of hy-
percharge asymmetry stored in the cloistered sector i.e.
4u˜ in terms of chemical potential. The solution of the
set of chemical potential conditions eqs. (21)-(24) and
eq. (34) is straightforward: since hypercharge is abso-
lutely conserved by all the reactions, the solutions are
simply
μφ = κYφ (φ = 	α, eα,Q, ua, da,H) . (35)
with Yφ the hypercharge of φ and a common propor-
tionality coeﬃcient κ which can directly be evaluated
from total hypercharge conservation eq. (25):
κ = − 2 gu˜Yu˜∑
φ gφY2φ
u˜ . (36)
With a slight abuse of notation, within the sum in the
denominator we have gH = 2 × 2 where the ﬁrst fac-
tor is from the Higgs SU(2)L degrees of freedom while
the second from boson/fermion statistics ΔnH/Δn f =
2μH/μ f . Eqs. (35) and (36) allow us to write the chemi-
cal potentials of all the SM particles in terms of u˜, which
in turn is obtained by integrating the Boltzmann equa-
tions (29) and (30). Hence we see that even in the ex-
treme scenario that B − L is violated by in-equilibrium
reactions and B is perturbatively conserved, all SM par-
ticles carrying hypercharge will develop non-vanishing
asymmetries to balance the net amount of hypercharge
stored in the cloistered sector. Of course this result also
holds when B − L is exactly conserved [19].
4. Summary
In this work we have studied a mechanism where
baryogenesis proceeds through out-of-equilibrium,
baryon number conserving and CP violating decays of
heavy particles. In this scenario, nucleons are stable
due to baryon number conservation at the Lagrangian
level. The key requirement for this mechanism to work
is to have a certain amount of baryon asymmetry gen-
erated from B conserving decays of heavy particles that
is conﬁned into a cloistered sector that remains chemi-
cally decoupled from the thermal bath until B+L violat-
ing electroweak sphalerons are switched oﬀ at T ∼ 100
GeV. On the other hand an initial equal amount and
opposite sign of baryon asymmetry stored in the SM
sector gets instead partially transformed into a lepton
asymmetry through electroweak sphalerons. When the
baryon asymmetry in the cloistered sector is eventually
released into the thermal bath before the onset of BBN,
the unbalance between the two asymmetries gives rise
to baryogenesis.
We have found that successful cloistered baryogene-
sis requires the mass of the initial heavy decaying parti-
cles to be at least of O ∼ 107 GeV. This stems from the
following two requirements: that a suﬃciently large CP
asymmetries can be obtained and that the cloistered sec-
tor will remain chemically decoupled from the thermal
bath. While this scale is about two orders of magni-
tude lower than the scale required for successful stan-
dard type-I leptogenesis, it remains well beyond the en-
ergy regime of direct tests at colliders in the foreseeable
future.
In particular we have implemented cloistered baryo-
genesis within a simple setup in which the standard
type-I seesaw model is extended by a colored scalar
u˜ with the same quantum numbers of the up-type RH
quarks. We have studied in detail the viability of this
setup and analyzed various constraints showing that
they can all be satisﬁed. In addition we have derived
the chemical equilibrium conditions that relate the SM
particle and u˜ asymmetries, and also write down sim-
pliﬁed Boltzmann equations whose solution allows to
estimate the present baryon asymmetry of the Universe.
Finally, we have highlighted the fundamental role of hy-
percharge conservation in our setup.
Although the direct test of cloistered baryogenesis re-
mains elusive, indirect support does exist. The fact that
cloistered baryogenesis requires a cloistered (weakly
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coupled) sector point to the possibility of observing sig-
natures of long-lived particles. In the simple model
we have considered, the new colored state u˜, which is
the clue ingredient for cloistered baryogenesis, and if
it has a mass of O(TeV), it would be well within the
reach of LHC even with moderate luminosity, given
that its production rate is governed by strong coupling
αs. The requirement that it should decouple from the
thermal bath until relatively late time (before the on-
set of BBN) implies a relatively long lifetime. In prin-
ciple, u˜ could be produced at the LHC in large num-
bers and leave characteristic signatures throughout all
layers of the detectors like the long-lived colored parti-
cles studied in [20]. Clearly the experimental observa-
tion of long-lived colored scalars will not suﬃce to pin
down cloistered baryogenesis as the mechanism respon-
sible for the cosmic matter-antimatter asymmetry, but it
would certainly give this idea a boost.
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